Abstract: In this study, we evaluated the effects of leaning posture on the kitchen counter, which was observed during dishwashing in a kitchen, on subjective discomfort and muscle activity in the low back and legs. Twelve female volunteers were asked to wash plates for 30 min in each of three working postures: (a) without support (No support), (b) supported by the kitchen counter (Counter), and (c) supported by a standing aid which was a stand equipment to support the shins and the counter (Aid and counter). In the "Aid and counter" posture, the angle of the bent trunk and the muscle activity in the low back were less than that in the "Counter" posture, which was less than that in the "No support" posture. Also, the muscle activities in the legs were greater in the "Counter" and "No support" postures than in the "Aid and counter" posture. We concluded that the effects of leaning posture on the kitchen counter were not enough to decrease the workload on the low back and legs. To improve the comfort of the dishwashing task, new measures, such as the standing aid, are needed.
Introduction
Low back pain among cooks in facilities that provide meals has become a serious occupational health problem in Japan [1] [2] [3] . Cleaning tasks in these facilities, such as washing cookware and tableware, increases the workload on the low back 4, 5) . Although a dishwasher is used in most facilities, a cook must wash most dishes by hand to remove leftovers before using a dishwasher, a task which is called preliminary washing (Fig. 1) . A cook must keep the trunk bent forward for long periods because a large deep sink is used for this task 6) . The forward-bent posture places a large workload on the low back 7, 8) and is recognized as a risk factor of low back pain 9, 10) . However, it is not clear what measures would be effective at preventing low back pain in dishwashing. In facilities that provide meals, the height of the kitchen counter having a large deep sink 11) cannot easily be adjusted according to a cook's height because of the weight of the counter. Also, a chair 12) cannot be used because of the small working area. A posture in which a cook leans on the upper edge of a kitchen counter has been tried in dishwashing 13) . Since the kitchen counter will support the force exerted by leaning in a forward-bent position, such support may be more effective at decreasing the workload on the low back and legs than if that posture was assumed without support by the kitchen counter. In addition, we have developed supplemental equipment, a standing aid, for the prevention of low back pain during preliminary washing, which can be used without changing the present working environment and instruments 14, 15) . The standing aid and the upper edge of the kitchen counter support the shins and abdomen, respectively. In this supported Industrial Health 2007, 45, [535] [536] [537] [538] [539] [540] [541] [542] [543] [544] [545] posture, the height of the low back becomes lower due to flexing of the knees and the kitchen counter was adjusted to a suitable height. The force exerted on the legs decreases due to these supports. These supports were effective at alleviating subjective discomfort and muscle load on the low back and legs 15) . The posture assumed with support by the kitchen counter alone may have the same effect of decreasing the workload on the low back and legs as the posture used with the standing aid.
Therefore, we evaluated the effects of leaning posture on the kitchen counter on subjective discomfort and muscle activity in the low back and legs, and compared the results with those for no support and support by both the standing aid and kitchen counter.
Methods

Subjects
Twelve female undergraduate students, who are studying to become national registered dietitians, were asked to participate in this study. They have experienced much kitchen work in cooking practice. Their ages ranged from 20 to 22 yr (mean = 21.2 yr, standard deviation: SD = 0.6 yr); their mean height with SD was 157.8 ± 5.8 cm, and their mean body weight with SD was 51.3 ± 5.2 kg. No subject had a history of acute or chronic low back pain. Each subject wore a shirt, shorts and sneakers during the experiment. The objectives and methods of this study were explained and written informed consent was obtained from each subject before the experiment. The protocol for this study was approved by the Institutional Review Board for the Protection of Human Subjects of the National Institute of Occupational Safety and Health, Japan. Figure 2 shows the kitchen counter and standing aid. The kitchen counter (width 1,200 mm × length 700 mm × height 840 mm) was made of stainless steel and had a height that is commonly observed in facilities that we have investigated. The depth of the sink in the kitchen counter was 295 mm and the height of the upper edge was 40 mm. Plates 470 g and 220 mm in diameter were used for dishwashing. The standing aid consisted of an iron board (width 700 mm × length 650 mm × height 5 mm), steel prop (width 30 mm × length 30 mm × height 850 mm), steel bar (diameter 18 mm × length 500 mm) and a cylindrical cushion (diameter 120 mm × length 400 mm). The cylindrical cushion was made by winding a sponge of flexible polyurethane foam around a bar with a diameter of 20 mm and covering it with synthetic leather. The steel bar was inserted in the cylinder and connected to the steel prop. The height of the cushion could be adjusted in increments of 25 mm and the angle could be adjusted on a continuum. Figure 3 shows the experimental conditions. The subjects were asked to wash plates for 30 min in each of three working A cook puts tableware into the dishwasher, which is behind her, after this preliminary washing. postures: (a) without support (No support), (b) supported by the kitchen counter (Counter), and (c) supported by the standing aid and kitchen counter (Aid and counter). With the latter posture, subjects were instructed to support the shins on the standing aid and to support the abdomen on the upper edge of the counter. Since our previous study showed a decrease in muscle load in the low back and legs by using the aid to support the shins 14, 15) , the height of the standing aid was set at the shins. Distances between the cushion of the standing aid and the kitchen counter and between the feet and the kitchen counter were adjusted to the subject's required position.
Kitchen counter and standing aid
Experimental conditions
Procedure
In each experimental condition, the subjects were asked to stand upright for 1 min, and then to wash plates for 30 min at the rate of 20 plates per min. While at the dishwashing task, subjects were instructed to take the plate from underneath the sink, wash it in the sink, and put it back underneath the sink. The order of the experimental conditions was completely randomized for each subject. The ground reaction force, force of leaning on the kitchen counter, electromyogram (EMG), electrocardiogram (ECG), and center of foot pressure (CFP) were recorded for 1 min while the subjects were in the upright posture before the task and then recorded for 30 min during the task. The angle of the bent trunk and the crook of the knee were measured for 1 min in the upright posture before the task and then measured every 10 min during the task. Subjective discomfort was rated after the task.
Measurement
1) Angle of the bent trunk and crook of the knee
The angle of the bent trunk and the crook of the knee were measured by means of frame processing with photographs. The angles were calculated by the following methods. The angle of the bent trunk was defined as the angle between the two lines connecting markers on the acromion and ilio cristale, and the ilio cristale and trochanterion, respectively. The crook of the knee angle was defined as the angle between the two lines connecting markers on the trochanterion and caput fibulae point, and the caput fibulae point and malleolus fibulae point, respectively. These angles were used because they reflect expansion and contraction of the muscle, directly. Data on angles for the bent trunk (Fig. 3, a) and the crooked knee (Fig. 3, b) were calculated every 10 min by subtracting the angles during the task from the angles in the upright posture before the task. 2) Ground reaction force, force of leaning on the kitchen counter and the standing aid Ground reaction force data on three axes (x, y and z) were measured by means of a force plate (9286A, KISTLER, Winterthur, Switzerland). Force data of leaning on the kitchen counter in three axes (x, y and z) were measured by means of a force sensor (9601A, KISTLER) installed on the upper edge of the kitchen counter (Fig. 2) . The x-axis was the subject's right (+) and left (-) directions, the y-axis was the subject's front (+) and back (-) directions, and the z-axis was the subject's vertical (+) direction. Data were standardized as a percentage of the subject's weight. By using the vertical ground reaction force (A), the vertical force of leaning on the kitchen counter (B) and the vertical force of leaning on the standing aid (C), the subject's weight (W) was defined with the following equation:
Based on equation (1), the vertical force of leaning on the standing aid (C) was calculated with the following equation:
And the sum of the vertical forces of leaning on the kitchen counter (B) and the standing aid (C) was defined as the reduction in force resulting from use of the standing aid and kitchen counter (D):
3) Subjective discomfort Subjective discomfort was rated by means of a questionnaire with a 100-mm visual analog scale (VAS). The two ends of the scale were defined as "nothing at all" (0 mm) and "extreme discomfort" (100 mm). The subjects were instructed to evaluate discomfort in 13 body regions during the task and then to enter the rating points in the upright posture. Body regions were the neck, shoulders, arms, hands, upper back, lower back, front of thighs, back of thighs, knees, shins, calves, tiptoes and heels. These regions were selected according to the chart used for identification of body parts by Corlett and Bishop 16) and Van Dieën et al. 17) .
4) Electromyography (EMG) and heart rate
The EMG of six muscles, right and left erector spinae muscles (low back), right and left biceps femoris muscles (back of the thigh), and right and left gastrocnemius muscles (calf of the leg), was measured using surface electrodes (AgAgCl). Electrodes on the erector spinae muscles were positioned laterally 40 mm from the median line of the back at L3/L4 and those for the other muscles were placed on the skin overlying the muscles. The sites were selected as their muscle activities increased during the task in a preliminary experiment. The inter-electrode distance was approximately 20 mm and the skin impedance was below 10 kΩ. The ECG was measured from the CM5 lead which was a bipolar lead with manubrium (-) and V5 position (+) in a precordial lead. The time constant for the EMG and ECG was set at 0.03 s and the high frequency cut-off was set at 300 Hz for artifact cancellation based on the preliminary experiment data. The EMG and ECG signals were amplified (EEG-1100, Nihon Kohden, Tokyo, Japan), converted from analog to digital at 1,000 Hz, and stored in a personal computer. The EMG signals were rectified and integrated every 10 min, and then standardized as percentages of the maximum voluntary contraction (%MVC). The MVC of the erector spinae muscle was measured in the forward-bent posture with a back strength dynamometer (T.K.K.5102, TAKEI, Niigata, Japan). Subjects were asked to pull upward while gripping the dynamometer for 10 s with all their strength using the muscles of the low back. The MVC of the biceps femoris muscle was measured while standing on one leg. The subjects were also required to pull a wire ring fixed to the floor upward by the heel for 10 s at full strength using the muscle of the back of the thigh. The MVC of the gastrocnemius muscle was measured while standing on tiptoe. Subjects also raised the heel for 10 s with all their strength using their calf muscles. In this posture, the subject's shoulder was held by an experimenter so that the heel could not be raised. All measurements of the MVC were performed at the end of the experiment. Heart rate data were calculated from the R-wave of the ECG signals every 10 min, and then standardized as a percentage of the heart rate in the upright posture before the task.
5) Center of foot pressure (CFP)
The CFP was measured as an index of body sway by means of the force plate which was equipped with four sensors. The sampling rate for the plate was set at 100 ms. Path length of CFP and area within the maximal circumference were calculated every 10 min from the CFP data. Path length data of CFP was obtained with the following equation:
where L was the path length of CFP, n was measurement data (6,000 points/10 min), AX was the abscissa of CFP and AY was the ordinate of CFP. Moreover, path length per second was defined as velocity of CFP.
Area data within the maximal circumference were obtained every 10 min by the following process.
1) The central point of CFP was calculated as the average of the measured points.
2) The area around the central point was divided into 360 segments.
3) The farthest point from the central point in each segment located. 4) And the polygonal area obtained by connecting the farthest points was calculated with the following equation:
where S was the polygonal area, n was measurement data (6,000 points/10 min), AX was the abscissa of farthest points from the central point and AY was the ordinate of farthest points from the central point. The maximum abscissa and ordinate of the farthest point from the central point were defined as the maximum amplitude of the x-axis and y-axis, respectively. Data of path length and polygonal area were standardized as the percentage of those in the session from 0 to 10 min of the "No support" posture.
Statistical analysis
All data except for the discomfort and the force of leaning on the standing aid were subjected to statistical analysis with two-way repeated-measures ANOVA of within-subject design (posture × working time). Data for the rating of subjective discomfort and working time of the force of leaning on the standing aid were subjected to statistical analysis with oneway repeated-measures ANOVA. Statistically significant results of the ANOVAs were subjected to multiple comparisons with Tukey's test to determine the differences in the parameters for posture conditions and working time. For each posture condition, correlation analysis was done to determine the relationship of the angle of the bent trunk, rating of subjective discomfort in the upper and lower back, and the %MVC in the right and left erector spinae muscles with each subject's height. Also, correlation analysis was done to determine the relationship of the %MVC in each muscle with the path length of CFP. SPSS 11.5 for Windows was used for statistical analysis. Statistical significance was set at p<0.05.
Results
Posture
The effect of posture was significant for the angle of the bent trunk (F=14.13, df =2,22, p<0.001) and the crook of the knee (F=28.97, df =2,22, p<0.001) ( Table 1 ). The angle of the bent trunk was greatest with the "No support" posture, followed by the "Counter" and " Force to the ground, kitchen counter and standing aid The effect of posture was significant on ground reaction force in the vertical direction (F=64.45, df =2,22, p<0.001) and in the front and back directions (F=147.55, df =2,22, p<0.001) ( Table 1 ). The vertical ground reaction force was largest with the "No support" posture, followed by the "Counter" and "Aid and counter" postures. The backward ground reaction force was the largest for the "Aid and counter" posture, followed by the "Counter" and "No support" postures. Posture had no significant effect on right and left ground reaction forces. The effect of working time was significant on ground reaction forces in the vertical direction (F=28.14, df =2,22, p<0.001) and the front and back directions (F=4.28, df =2,22, p=0.03). The vertical ground reaction force was the largest from 0 to 10 min (first session) (91.0 ± 12.0%), followed by from 10 to 20 min (second session) (89.0 ± 13.1%) and from 20 to 30 min (third session) (87.2 ± 13.7%). The backward ground reaction force was significantly larger in the third session (14.1 ± 13.1%) than in the first session (13.5 ± 12.8%) or the second session (13.5 ± 12.7%).
No significant effect from posture was found on the force of leaning on the kitchen counter in the x, y and z-axis ( Table 1 ). The effect of working time was significant on the force of leaning on the kitchen counter in the vertical direction (F=11.17, df =2,22, p<0.001), front and back directions (F=5.17, df =2,22, p=0.03), and right and left directions (F=76.11, df =2,22, p<0.001). The vertical force of leaning on the kitchen counter was significantly larger in the first session (3.0 ± 2.3%) than in the second session (2.6 ± 2.2%) or the third session (2.5 ± 2.3%). The forward force of leaning on the kitchen counter was significantly larger in the third session (9.2 ± 4.0%) than in the first session (8.3 ± 3.9%). The leftward force of leaning on the kitchen counter was largest in the third session (0.5 ± 0.4%), K IWAKIRI et al.
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In the posture supported by the standing aid and kitchen counter, the standing aid supported 24.1 ± 11.2% (C) of the weight and the kitchen counter supported 2.6 ± 2.4% (B) of the weight ( Table 2 ). The decrease in vertical force (D) due to the combination of the standing aid and kitchen counter was 26.7 ± 10.8% of the weight, whereas the decrease due to support by only the kitchen counter was 2.8 ± 2.1%. The effect of working time was significant on the vertical force of leaning on the standing aid (F=8.32, df =2,22, p=0.008). The vertical force of leaning on the standing aid was largest in the third session (27.0 ± 12.4%), followed by the second session (24.6 ± 11.4%) and the first session (20.7 ± 9.8%). The height of the standing aid was 358.3 ± 16.3 mm and the distance from the kitchen counter to the aid was 66.0 ± 15.2 mm.
Subjective discomfort
The ratings of subjective discomfort in the "No support" posture were relatively high in the lower back (58.3 ± 25.7 mm), upper back (43.3 ± 31.0 mm) and calf (40.8 ± 21.9 mm) ( Table 3 ). The effect of posture was significant for discomfort in the upper back (F=5.19, df =2,22, p=0.03) and lower back (F=6.53, df =2,22, p=0.006). In the upper and lower back, discomfort rating was significantly higher in the "No support" than in the "Aid and counter" posture.
EMG and heart rate
The effect of posture was significant on activity in the right and left erector spinae muscles (right: F=9. 18 (Fig. 4) . For the right and left erector spinae muscle, activity was largest for f : The proportion was calculated by dividing the heart rate during task by the baseline rate before task. g : The proportion was calculated by dividing body sway data in the three postures by that in the session from 0 to 10 min in the "No support" posture.
"No support", followed by "Counter" and "Aid and counter" postures. For the right and left gastrocnemius muscle, activity was significantly larger in the "No support" and "Counter" postures than in the "Aid and counter" posture. The effect of working time was significant on muscle activity in the right and left biceps femoris muscle (right: F=5.53, df =2,22, p=0.01, left: F=7.29, df =2,22, p=0.02) and the left gastrocnemius muscle (F=10.54, df =2,22, p=0.001). For the right biceps femoris muscle and left gastrocnemius muscle, the muscle activity was significantly larger in the first session (16.8 ± 9.1 %MVC, 23.3 ± 14.0 %MVC) than in the third session (15.5 ± 8.9 %MVC, 18.2 ± 7.8 %MVC). For the left biceps femoris muscle, muscle activity was significantly larger in the first session (15.2 ± 7.7 %MVC) than in the second session (14.0 ± 7.5 %MVC) or the third session (13.6 ± 7.4 %MVC).
Mean heart rate with SD in the upright posture before the task was 88 ± 12 beats/min. No significant effect of posture was found on heart rate ( Table 1 ). The effect of working time was significant on heart rate (F=30.36, df =2,22, p<0.001). Heart rate was highest in the third session (111.3 ± 7.3%), followed by the second session (109.1 ± 7.1%) and the first session (105.8 ± 5.9%). The posture × working time of measurement interaction was significant on heart rate (F=3.21, df =4,44, p=0.02). The rate of increase in heart rate with the passage of time was slightly higher with "Counter" and "Aid and counter" than in the "No support" posture. A significant positive correlation was observed between the subject's height and %MVC in the right erector spinae muscle in the three postures and between the height and %MVC in the left erector spinae muscle in two postures (Table 4) . Taller subjects had increased muscle activity in the low back. No significant correlation was found between height and other parameters.
Relationship between subject's height and low back load
Body sway
The effect of posture was significant on the path length of CFP (F=16.59, df =2,22, p=0.001) and the area within the maximal circumference (F=15.88, df =2,22, p<0.001) ( Table 1 ). The path length and area were significantly larger in the "No support" posture than in the "Counter" or "Aid and counter" posture. The velocity of CFP in the "No support" posture was 13.8 ± 5.6 cm/s, 8.4 ± 4.9 cm/s in the "Counter" posture, and 5.3 ± 1.8 cm/s in the "Aid and counter" posture. The maximum amplitudes of x-axis (forward and backward) and y-axis (rightward and leftward) in the "No support" posture were 7.3 ± 2.9 cm and 17.5 ± 5.0 cm, those in the "Counter" posture were 5.3 ± 2.4 cm and 13.9 ± 5.3 cm, and those in the "Aid and counter" posture were 4.2 ± 2.8 cm and 13.0 ± 3.5 cm. The effect of working time was significant on the path length of CFP (F=4.39, df =2,22, p=0.04). The path length of CFP was significantly larger in the third session (83.3 ± 51.6%) than in the first session (72.0 ± 34.5%). No significant effect of working time was found on the area within the maximal circumference.
Relationship between body sway and muscle activity
With the posture supported by the standing aid and kitchen counter, a significant negative correlation was observed between body sway and %MVC in the left erector spinae muscle (Table 5 ). On the other hand, in the posture without support, a significant positive correlation was observed between body sway and %MVC in the right gastrocnemius muscle. However, no significant correlation was found between body sway and other muscle activities.
Discussion
The results of this study suggest that leaning on the kitchen counter, which was observed frequently during dishwashing in a kitchen, dose not sufficiently decrease the workload on the low back and legs. In the posture supported by the kitchen counter, the angle of the bent trunk and the activity of muscles in the low back were less than that with no support posture.
We think that the muscle load on the low back decreased because the force exerted on the low back decreased with the angle of the bent trunk and the upper body loading decreased due to leaning on the kitchen counter. However, the low back load was greater in the posture supported by the kitchen counter than in the posture supported by the standing aid and the kitchen counter. This finding indicates that support by the kitchen counter alone still has room for improvement.
Moreover, no differences in subjective discomfort and muscle activity in the legs were found between the no support posture and the posture supported by the kitchen counter. The decrease in vertical force due to support by the counter was only 2.8 ± 2.1% of the weight. Of course, in the posture without support, the decrease in vertical force was zero. In our previous study, when the decrease in vertical force due to support of the body was 10.7% of the weight, no difference in subjective discomfort and most muscle activities in the legs were seen between the supported and unsupported postures 14) . On the other hand, in the present study the decrease in vertical force due to the combination of support by the standing aid and kitchen counter was 26.7 ± 10.8% of the weight. In the posture supported by the standing aid and kitchen counter, the muscle activity in the legs was less than that in the posture supported by the counter. We consider that the workload on the legs decreased because the force exerted on the legs decreased due to support from the standing aid which supported 24.1 ± 11.2% of the weight. Therefore, the decrease in vertical force due to support by the kitchen counter must have been too slight to have decreased subjective discomfort and the muscle load on the legs.
Subjects must tire with the passage of time since the heart rate was higher in the third session (from 20 to 30 min) than in the first session (from 0 to 10 min). However, the muscle activity in the back of the thigh and the left calf was less in the third session than in the first session. It was reported that muscle activity in the leg decreased when CFP increased 18) . Moving the center of gravity to the right leg and the left leg by turns may decrease the muscle load on the legs. Since the path length of CFP increased with the passage of time, we speculate that the muscle load on the legs decreased with the passage of time. However, no significant negative correlation was found between body sway and muscle activity in the legs. That is, the muscle load on the legs did not decrease when body sway increased. Although this issue needs to be examined further, one possible explanation is that the subjects may have been tense when the task started.
Taller subjects had increased muscle activity in the right low back in all postures and in the left low back in both supported postures. In our previous study, muscle activities were the same in the postures supported by the standing aid and kitchen counter and without support 14) . These findings indicate that the height of the kitchen counter needs to be adjusted to the subject's height even when the kitchen counter or standing aid is used for support.
In conclusion, although support by the kitchen counter was effective at decreasing the muscle load on the low back, the kitchen counter support did not have the desired effect of decreasing the total workload on the low back and legs in dishwashing. However, for shorter subjects, leaning on the kitchen counter may be effective at decreasing the workload on the low back and legs because they can get suitable height due to leaning on the kitchen counter. Although the relationship between height of subject and kitchen counter needs to be examined, we consider that the effects of leaning on the kitchen counter were not enough to decrease the subjects' workloads on the low back and legs in this study. Accordingly, a new ergonomic measure such as the standing aid is needed to prevent low back pain during dishwashing, even though the aid may hinder free passage.
